A utoimmune diseases initiated by activation of pathogenic self-reactive T cells are incurable. While autologous and allogeneic bone marrow transplantation (BMT) 4 (5) can alleviate these diseases, there are limitations to current approaches (1) (2) (3) . Allogeneic BMT requires chronic immunosuppression for graft retention and prevention of graftvs-host disease, and it is associated with higher mortality than autologous BMT (4 -6) . While autologous BMT has no risk of graft-vs-host disease, relapses are frequent (7) and whether it will finally lead to a cure has not been demonstrated (5, 8) . We have suggested that a rational approach is to remove diseasecausative self-reactive T cells before they leave the thymus by exploiting mechanisms that the immune system uses to maintain self-tolerance throughout life (1) .
Thymus progenitors arising from the bone marrow (BM) continuously seed the thymus to develop into T cells and tolerogenic dendritic cells (DCs) (9) . Exposure of developing T cells to selfAgs expressed by these bone marrow-derived DCs promotes deletion of T cells with high avidity for self-Ag (10 -15) . Using transgenic approaches, we and others have shown that overexpression of self-Ag under the control of an MHC class II promoter prevented development of autoimmune diseases (16, 17) , and that transfer of BM from these transgenic mice induced T cell tolerance and prevented disease (18, 19) . These studies support our suggestion that exposure of developing T cells to self-Ag delivered through the BM compartment could be exploited as a strategy to induce immunological tolerance and permanently remit disease (1) . The ability to genetically manipulate the BM compartment through retroviral transduction has been demonstrated in a range of models of autoimmunity and transplantation tolerance (20 -25) . While transfer of transduced BM stem cells expressing self-Ag promotes Ag-specific tolerance, the mechanisms associated with tolerance induction remain poorly defined.
Here, we have tested our hypothesis using myelin oligodendrocyte glycoprotein (MOG)-induced experimental autoimmune encephalomyelitis (EAE) as a model of an autoimmune disease. We report that ex vivo genetic manipulation of BM to encode MOG prevented and reversed established disease in BM recipients. Mixed chimera experiments with MOG-specific T cells suggest that this is achieved by MOG-specific deletional tolerance without the generation of Ag-specific CD4 ϩ Foxp3 ϩ regulatory T cells (Tregs).
Materials and Methods

Mice
Female C57BL/6 mice were from Monash Animal Services (Monash, Victoria, Australia). Generation of the 2D2 TCR transgenic (Tg) mice expressing MOG 35 -55 -specific V␣3.2/V␤11 TCR has previously been described (26, 27) . Animals were housed in specific pathogen-fee environment (Monash Medical Centre Animal Facilities, Monash, Victoria, Australia). Syngeneic bone marrow donors were 5-6-wk-old female mice. All studies were performed with approval of the local animal ethics committee.
Vector construction and production
Mouse MOG cDNA was PCR cloned from brain mRNA using primer sets: sense, 5Ј-ATGGGCCTGTTTGTGGAGCTTCTCTTGGCCCAGC-3Ј; antisense, 5Ј-ACAACCATCACTCAAAAGGGG-3Ј. Mouse proinsulin II (ProII) cDNA was cloned as previously described (22) . The MOG sequence was confirmed with published sequence and subcloned into retrovirus vector pMYs-IG (Fig. 1A) to create the vector pMYs-MOG-IRES-EGFP (pMOG). Retrovirus vector pProII encoding the cDNA of ProII was generated as control. PCR were used to confirm the presence of cDNA in each of the retroviral vectors (Fig. 1B) . Recombinant retroviruses were generated and viral titers determined as previously described (22) .
Detection of pMOG and pProII gene products
NIH-3T3 cells were transduced with pMOG-or pProII-encoding retrovirus. Enhanced GFP (eGFP)-positive cells were sorted and cultured for 7 days. pMOG-infected NIH-3T3 cells (MOG-3T3) were fixed in 4% paraformaldehyde for 5 min at 4°C, followed by 10 min at room temperature (RT). Cells were washed with PBS, incubated with chilled methanol for 6 min at Ϫ20°C, washed and incubated with 1% swine serum for 15 min at RT, followed by monoclonal mouse anti-MOG Ab (clone 8-18C5) for 1 h at RT. After three further washes, secondary Ab (Alexa 594 nm goat antimouse IgG, Molecular Probes) was added and incubated for 1 h. Cells were washed and viewed under a fluorescence microscope (Olympus IX71 inverted research microscope). All steps were conducted in the dark.
For pProII-infected NIH-3T3 cells (ProII-3T3), 7-day cell culture supernatant and cell lysate of eGFP-sorted ProII-3T3 were analyzed for ProII production using an ELISA kit (rat/mouse insulin ELISA, Linco Research).
Retroviral transduction of BM and transfer
BM cells collected from donor mice were transduced with retrovirus as previously described (22) . Donor mice were treated with 5-fluorouracil (140 mg/kg body weight) 3.5 days before BM harvest. BM cells were cultured in DMEM/10% FCS supplemented with recombinant cytokines: recombinant murine IL-6 (10 ng/ml, R&D Systems) and recombinant murine stem cell factor (50 ng/ml, R&D Systems). After 24 h, cells were transduced with retrovirus and cultured for a further 3-4 days before transferring sorted eGFP ϩ BM cells into recipient mice that had been subjected to 2 ϫ 550 cGy total body irradiation. Between 40,000 and 50,000 eGFP ϩ cells were transferred into each recipient. On days 0, 7, 14, and 21, 0.25 mg of purified anti-CD4 (clone GK1.5) Ab was injected i.p. into BM recipients and untreated control groups to deplete residual CD4 T cells. BMT was conducted as follows: 1) For the prevention study, recipients were transferred with BM, allowed to reconstitute for 8 -9 wk, followed by disease induction. 2) For the disease onset preclinical study, mice were first immunized with MOG followed by BMT on day 14. After 8 -9 wk of reconstitution, recipients were reimmunized with MOG. 3) For the curative study, EAE mice with a clinical score of 2 were remitted by methylprednisolone treatment (45) . Mice in remission (score 0) for 3 consecutive days were removed from the methylprednisolone treatment for 2 days before BMT. Following 8 -9 wk of reconstitution, recipients were reimmunized with MOG . In some experiments, mice received mixed BM consisting 
Methylprednisolone treatment
Methylprednisolone (Sigma-Aldrich) was administered at a dose of 10 mg/ kg/day in the drinking water as previously described (28) .
MOG-specific Ab detection
MOG-specific Ab was measured by ELISA as described (29, 30) . Sera were collected at the end point of each experiment and tested at dilutions of 1/100, 1/300, and 1/900 in 96-well plates coated with 5 g/ml of MOG . Mean absorbance of triplicates was calculated with deduction of absorbance from noncoated wells.
EAE induction and clinical evaluation
A total of 200 g of the encephalitogenic peptide MOG (GL Biochem) emulsified in CFA (Sigma-Aldrich) supplemented with 4 mg/ml Mycobacterium tuberculosis was injected s.c. into both femoral regions. Mice were immediately injected i.v. with 350 ng pertussis toxin (SigmaAldrich) and again 48 h later. Animals were monitored daily and neurological impairment was scored on an arbitrary clinical score: 0, no clinical sign; 1, limp tail; 2, limp tail and hind limb weakness; 3, severe hind limb paresis; 4, complete hind limb paresis; 5, moribund or death (29) . As required by animal ethics, mice were euthanized upon reaching a clinical score of 3.
Histology
Brain and spinal cord were removed and fixed in 10% formalin. The cervical, thoracic, and lumbar segments of each spinal cord were embedded in paraffin. Between 8 and 16 sections, each at least 20 m apart, were examined. The extent of inflammation, demyelination, and axonal loss was evaluated on tissue sections (5 m) with H&E to assess inflammation, Luxol fast blue for demyelination, and Bielschowsky silver staining for axonal damage. Histological sections were scored blind. For inflammation, evaluation was performed using H&E-stained sections and scored as follows: 0, no inflammation; 1, cellular infiltrate only in the perivascular areas and meninges; 2, mild cellular infiltrate in parenchyma; 3, moderate cellular infiltrate in parenchyma; 4, severe cellular infiltrate in parenchyma. Myelin breakdown was assessed as pale staining with Luxol fast blue and scored as follows: 0, no demyelination; 1, mild demyelination; 2, moderate demyelination; 3, severe demyelination. Axonal loss was assessed as pale staining with Bielschowsky silver and scored as follows: 0, no axonal loss; 1, mild axonal loss; 2, moderate axonal loss; 3, severe axonal loss (29, 31) .
Splenocyte proliferation assay and cytokine detection
Splenocytes were cultured at 500,000 cells per well in complete RPMI 1640 supplemented with 10% FCS, L-glutamine, penicillin, and streptomycin. Cells were stimulated with 1-100 g/ml MOG 
Statistical analysis
Data are presented as means Ϯ SEM. One-way ANOVA was used to analyze regulatory T cell population and histological scores. A MannWhitney test was used for cytokine and autoantibody analysis and V␣3.2 and V␤11 expression levels. Fisher's exact test was used for T cell proliferation assays. A value of p Ͻ 0.05 was considered significant.
Results
Recipient mice developed molecular chimerism
Construction of retroviral vectors encoding MOG (pMOG) and control self-Ag ProII (pProII) in a single transcript with the reporter protein eGFP and confirmation of protein expression are shown in Fig. 1A -D. MOG protein expression was detected in pMOG-transduced NIH-3T3 cells but not in ProII-transduced NIH-3T3 or nontransduced NIH-3T3 cells (data not shown). pProII-transduced NIH-3T3 cells produced and secreted ProII, which was readily detected in the supernatant. Therefore, subsequent cellular analysis was based on eGFP expression reflecting MOG/ProII expression. Three experimental scenarios were designed to test our hypothesis that transfer of MOG-transduced BM promotes Ag-specific tolerance and EAE resistance. The first was a prevention model in which BMT was performed before immunization with MOG to induce EAE. The second was a preclinical model of EAE induction before BMT, followed by rechallenge at 8 -9 wk after BMT. The third was a curative model where mice with established EAE were treated with methylprednisolone to induce remission before BMT, followed by rechallenge with MOG at 8 -9 wk after BMT (Fig. 1E) .
BM cells were transduced with either pMOG or pProII, sorted for eGFP expression to enhance chimerism levels, and transferred into lethally irradiated recipients (22) . Similar chimerism levels were detected in primary and secondary lymphoid organs of pMOG and pProII groups as well as within individual cell populations from these organs (Fig. 2 and data not shown) . Since BMderived DCs are associated with induction of thymic self-tolerance, we confirmed that chimeric MHCII ϩ
CD11c
ϩ DCs were present in the thymus (Fig. 2) .
Transplantation of pMOG BM prevented EAE development
BMT was conducted and mice were rested for 8 wk to allow for BM reconstitution before immunization with MOG peptide. All the mice in control groups (pProII, anti-CD4, and wild-type EAE (mice with EAE that had not received BMT)) and 67% FIGURE 2. Chimerism levels of pMOG and pProII mice determined by eGFP ϩ cells in thymus, spleen, and inguinal lymph nodes (left panels) and within lymphoid cell populations (right panels) from the prevention study. All data are means Ϯ SEM.
(four of six) of mice in the normal BM (nBM) group developed EAE (Fig. 3, A and B, and Table I ). The nBM group (Fig. 3A) had a delayed response, but their clinical scores were not significantly different from those of the other control groups. The mean day of onset and mean maximum score were also not significantly different across all control groups (Table II) . In striking contrast, none of the pMOG mice developed EAE (Fig.  3, A and B, and Table I ).
Transplantation of pMOG BM at disease onset prevented EAE progression
To determine whether BMT given at disease onset (preclinical study) can influence EAE development, BMT was performed 14 days after MOG immunization. The mean day of EAE onset was similar between pMOG, pProII, and nBM groups (Table II) . At the time of BMT (day 14), 5 of 27 mice showed clinical scores of between 1 and 2.5, with 1 in the nBM group and 2 in the pMOG and pProII groups (Fig. 3, C and D) . BMT preconditioning by irradiation remitted clinical signs in these five mice (Fig. 3, C and D) .
During the 8 -9 wk after BMT, three of eight (ϳ38%) mice from the nBM and six of nine (ϳ67%) mice from the pProII groups relapsed with EAE. By day 62 after BMT, EAE was observed in the three of eight mice in the nBM group and three of nine for the pProII group (three of six mice in the pProII group had remitted by this day) (Fig. 3D) . In striking contrast, none of the pMOG-mice developed EAE throughout this entire observation period (Fig. 3,  C and D) . c Mice (n ϭ 12) were treated as for remit. Methylprednisolone treatment was withdrawn when mice remitted (3 consecutive days of clinical score 0) and allowed to relapse to a score of 3 before killing.
On day 62 after BMT, disease-free mice in all groups were reimmunized with MOG to determine whether they remained resistant or susceptible to further development of EAE. While none (0 of 10) of the pMOG group developed EAE (Fig. 3, C and D) , EAE was induced in controls with a total of 8 of 9 pProII and 7 of 8 nBM mice developed disease at the completion of the experiment ( Fig. 3D and Table I ).
The CNS of diseased mice in wild-type EAE, pProII, and nBM recipients revealed extensive inflammatory infiltrates of mononuclear cells and severe edema in the spinal cord (Fig. 4A ) and cerebellum. Luxol fast blue and Bielschowsky silver staining showed marked myelin loss and axonal injury around lesion sites (Fig. 4A ). In contrast, the spinal cord of pMOG mice remained free of inflammatory infiltrate, myelin loss, and axonal injury in the prevention and preclinical studies (Fig. 4 , C and D, and Table I ). The pMOG group was significantly different from the control groups across all histological parameters (Table I) .
Resistance to EAE following pMOG BMT is associated with decreased immune responses to MOG
Splenocytes of diseased mice from pProII and nBM control groups of the prevention (Fig. 5A) and preclinical (Fig. 5B ) studies displayed dose-dependent proliferative responses to MOG peptide similar to those observed for splenocytes from wild-type EAE mice. In contrast, proliferation of pMOG mice was similar to that of naive mice. Cells from all groups proliferated in response to Con A (Fig. 5, A and B) . Splenocytes from pMOG mice produced little or no IL-17, IFN-␥, or GM-CSF, in contrast to cytokine levels produced by pProII mice and wildtype EAE mice (Fig. 5D) . We also assessed Th2-associated cytokines IL-4 and IL-10 that might suggest a suppressive environment associated with the tolerance observed with pMOG mice and found that none of the groups produced significant amounts of Th2 cytokines (Fig. 5D ). These mice also produced significantly less anti-MOG Ab than did control pProII and nBM mice (Fig. 5, F and G) .
pMOG BMT leads to the deletion of MOG-specific thymocytes but does not promote development of MOG-specific Tregs
To investigate mechanisms of tolerance in pMOG mice, we used the 2D2 TCR Tg mouse with skewed CD4 T cells encoding TCR (V␣3.2 and V␤11 chains) specific for MOG peptide in the context of H-2 b (26, 27). We performed a "mixed" BMT by transferring pMOG BM with 2D2 Tg BM (70:30 ratio) into irradiated recipients. Eight weeks after BMT, thymocytes from mixed chimeras were isolated and stained for CD4, CD8, and V␣3.2 or V␤11 to identify 2D2 T cells. Naive 2D2 Tg mice and chimeras generated by mixing 2D2 BM and pProII BM were used as controls. We found a significant decrease in transition of V␣3.2 and V␤11 single-positive CD4 ϩ T cells from the CD4 ϩ CD8 ϩ double-positive population in pMOG ϩ 2D2
BM chimeras compared with pProII ϩ 2D2 BM chimeras or naive 2D2 TCR Tg mice (Fig. 6, A and B) . The reduction in CD4 ϩ MOG-specific 2D2 T cells was accompanied by a significant increase in apoptosis of 2D2 thymocytes in pMOG ϩ 2D2 BM chimeras (Fig. 6C) , which is consistent with deletion of MOG-specific T cells (Fig. 6, A and B) . We did not observe any significant changes in the proportion of CD4 ϩ Foxp3ϩ Tregs in the splenocyte population across the different animal groups from the prevention and preclinical (Fig. 6D) protocols. In the mixed chimera study with MOG 35-55 -specific 2D2 T cells, there was no significant increase in CD4 single-positive thymocytes or splenocytes expressing V␣3.2 ϩ , Foxp3 ϩ , indicating that 2D2 thymocytes were not selected to become Foxp3 ϩ Tregs (Fig. 6E) .
Tolerance is embedded and can be retransferred by the BM compartment
We conducted two experiments to address whether our strategy targeted hemopoietic stem cells. First, mice that had received ϩ splenocytes from prevention, preclinical, and curative protocols. Data are means Ϯ SEM. E, Thymocytes and splenocytes of mixed chimeras from A showing proportion of CD4, V␣3.2, and Foxp3 triple-positive cells in pMOG (n ϭ 12), pProII (n ϭ 6), and wild-type C57BL/6 (n ϭ 5) groups. Data are means Ϯ SEM. pMOG or pProII BM were rested for 7 mo and then immunized for EAE. Mice that received pMOG BM were resistant to EAE (none of four) while 100% (six of six) of pProII mice developed EAE (Fig. 7A) . Second, sorted eGFP ϩ BM cells were isolated from mice at the end of the prevention study, transferred into naive, irradiated recipients, and allowed 8 wk of reconstitution before immunization with MOG peptide. All mice that received pMOG BM were resistant to EAE (none of three) while 100% of pProIImice (three of three) developed EAE (Fig. 7B) , indicating that the ability to promote Ag-specific tolerance was transferable through the transduced BM cells.
Corticosteroid treatment followed by Ag-specific BMT completely remitted and prevented subsequent disease development
We next explored whether this strategy could be used to reverse established disease. We asked whether remission induced with a course of methylprednisolone (45) followed by pMOG BMT could cure established EAE. A cohort of mice was immunized, allowed to develop EAE to a clinical score of 2, and treated with methylprednisolone to promote remission. Mice free of signs of EAE (score 0) for 3 consecutive days were withdrawn from methylprednisolone treatment and 2 days later subjected to BMT. After the 8 -9-wk reconstitution period, none of the nine pMOG mice developed signs of EAE, while one mouse from each of the nBM (one of five) and pProII (one of five) groups relapsed (Fig. 8) . The diseased mouse from the nBM group developed a score of 3 and was killed due to ethical requirements, while the diseased mouse from the pProII group remitted by day 93 and was included in the reimmunization process. At day 93, disease-free mice from pMOG, pProII, and nBM groups (pMOG, n ϭ 9; pProII, n ϭ 5; nBM, n ϭ 4) were reimmunized with MOG peptide and observed for a further 40 days. Overall, none of the pMOG group (none of nine) developed EAE, while 100% (five of five) of pProII and 80% (four of five) of nBM groups developed EAE (Fig. 8B and Table  I ). The mean day of onset after the second immunization was similar between pProII and nBM groups (Table II) .
Histological analysis revealed methylprednisolone-induced remission was associated with marked reduction in inflammatory infiltrate in the spinal cord that was reversed upon methylprednisolone withdrawal and subsequent relapse ( Table I ). The effect on demyelination and axonal damage improved marginally compared with wild-type EAE but was not as profound as the effect on the inflammatory infiltrate (Table I) . Following sequential methylprednisolone treatment and BMT, pMOG mice were devoid of any CNS inflammatory infiltrate, while the nBM and pProII groups displayed significant inflammatory infiltrate (Table I and Fig. 4E ).
FIGURE 7.
Transfer of tolerance and disease resistance from pMOGtreated mice. A, Mice received pMOG or pProII BM were rested for 7 mo before MOG immunization and EAE development was monitored. B, eGFP ϩ BM cells were sorted from pMOG and pProII chimeras and transferred into naive, irradiated recipients. After 8 wk, mice were immunized with MOG peptide and EAE development was monitored. A group of wild-type mice with EAE was included for comparison. All data are means Ϯ SEM. pMOG-mice showed reduced demyelination and axonal damage compared with the pProII group (Table I) .
Splenocytes from all groups proliferated similarly to Con A, while splenocytes of the pMOG group proliferated significantly less than the nBM control group in response to MOG peptide (Fig.  5C ). pMOG mice produced little or no IL-17, IFN-␥, or GM-CSF (Fig. 5E ) in response to MOG peptide compared with the pProII group and produced significantly less anti-MOG Ab than did the pProII and nBM mice (Fig. 5H) . None of the groups produced significant amount of Th2 cytokines (Fig. 5E) . The levels of CD4 ϩ Foxp3 ϩ splenocytes were similar across the pMOG, pProII, and nBM groups (Fig. 6D) .
Discussion
Since autoimmunity is due to the failure of self-tolerance, we hypothesized that harnessing the natural process of central tolerance by using genetically manipulated autologous BMT may promote Ag-specific tolerance (1). Our studies using the MOG-induced EAE mouse model of autoimmune disease support the notion that transplantation with normal syngeneic (autologous-equivalent) BM is not curative in the three different experimental settings we examined. While remission was induced in 60 -80% of these mice, reimmunization with MOG promptly precipitated disease. However, 100% of mice that received pMOG BM were rendered tolerant and completely resistant to MOG -induced EAE, even after rechallenge with MOG. Thus, simple "rebooting" of the immune system with nonmanipulated BM may have limited benefit given that there is no inherent process to promote immune tolerance to the target Ag. For instance, recent clinical trials of autologous hematopoietic stem cell transplantation in multiple sclerosis showed Ͻ50% of patients with disease-free survival (18, 32, 33) , with one study reporting only 7.1% of patients remaining diseasefree after 6 years follow-up (18) .
Our mixed chimera experiments using 2D2 Tg mice suggest that the complete resistance of these mice to MOG-induced EAE is due to deletion of CD4 ϩ MOG-reactive T cells in the thymus. We found a significant decrease in transition of MOG-specific singlepositive CD4
ϩ transgenic T cells from the double-positive CD4ϩ CD8 ϩ stage, suggesting that these cells were deleted during this developmental stage. Selection of MOG-specific Foxp3 ϩ natural Tregs did not appear to be a mechanism of tolerance and disease resistance because we did not find an increase in this population. Our observations are consistent with a recent study showing that Ag presentation by medullary thymic epithelial cells is responsible for the generation of natural Treg generation, whereas DCs mediate thymocyte deletion (34) . The findings relating to DC-mediated deletion are consistent with an earlier report that these DCs mediate negative but not positive selection (10) . Indeed, in all three experimental protocols, we found detectable molecular chimerism in MHCII ϩ CD11c ϩ DCs. Furthermore, while MOG expression in the thymus is primarily in medullary thymic epithelial cells driven at least in part by the autoimmune regulator AIRE (35) , it is clearly insufficient to establish solid T cell tolerance to MOG, as susceptible mice such as the C57BL/6 strain develop EAE upon immunization with MOG. This is highlighted by persistence of MOGspecific V␣ and V␤ T cell repertoires in MOG-expressing mice as well as in MOG-deficient mice (36) . The findings we report herein suggest that the additional expression of self-Ag through the BM compartment can establish deletion of self-reactive T cells and thereby promote tolerance.
High levels of molecular chimerism do not appear to be required for tolerance induction. Studies in transplantation tolerance reported that 10 -15% chimerism (37) and ϳ5% chimerism in the thymic CD11c population are sufficient to induce tolerance (38) .
Even chimerism levels of Ͻ1% (microchimerism) can maintain cytotoxic T cell tolerance (39) . These findings suggest that if chimerism can be induced in recipients, there is a good chance of promoting Ag-specific tolerance. An underlying feature of our strategy is that Ag is constantly expressed to maintain the tolerogenic environment. Notably, we observed tolerance in chimeric mice 7 mo after BMT, and we could also transfer chimerism and disease resistance to naive mice through the BM compartment. Persistent Ag expression appears paramount for success of this strategy and is in line with a recent finding for transplantation tolerance that long-term Ag expression is required to maintain tolerance (40) .
In sharp contrast to what we observed in all of the different control groups, splenocytes from pMOG mice failed to proliferate in response to stimulation by MOG peptide in a dose-dependent manner. These mice also failed to produce anti-MOG autoantibody and IL-17, IFN-␥, and GM-CSF, which have been identified as major inflammatory cytokines in EAE (31, (41) (42) (43) . These findings are consistent with our observations in the mixed chimera experiments that tolerance in pMOG mice is associated with deletion of MOG -reactive T cells. Failure to produce anti-MOG Ab may be a consequence of the lack of cognate T cell help (44) , although direct deletion of MOG-reactive B cells cannot be excluded.
It was apparent from both the preclinical and curative EAE studies that BMT with either nBM or pProII has some beneficial effect in most mice. However, when the rebooted immune system was challenged with the same disease-inducing antigenic trigger, most mice responded with disease development. In extrapolating to the human example, a similar situation may apply to patients receiving autologous BMT. While remission and benefit may be observed in the initial period, our findings suggest that the immune system maintains the capacity to recognize and respond to self-Ags associated with disease that ultimately may result in relapse. From our findings the simple modification of this process to include induced expression of self-Ag through the BM compartment had a profound effect on tolerance induction and disease development. We suggest that this approach offers a logical and feasible strategy with potential for clinical application in settings where the causative self-Ags are known.
